Selection of Cultivars for Lightly Processed
(Solanum tuberosum L.) begin to discolor in ≈4 h after initial impact (Belknap et al., 1990) . Exocarp thickness, fruit shape, turgidity, etc., will affect the physical damage incurred during processing. Harvest maturity of the individual cultivar is another important factor that affects processing and product quality (Shewfelt, 1993) . A variety of disorders can result from preharvest and postharvest stress conditions. Nutrition and soil conditions greatly impact the quality of root crops, such as carrots (Daucus carota L.). Heavy soils, poor nutritional balance, and moisture conditions cause abnormal root growth of carrots that can lead to various degrees of latent damage, depending on the cultivar. Postharvest desiccation or increased temperatures of the raw material during transit will affect the processing and final product quality, with carrot varying in its susceptibility to such stress conditions (unpublished) . Under stress conditions, produce is commonly stored and transported under refrigeration to repress metabolism and desiccation, and maintain harvest quality (Uritani, 1978) . Quiescent infection, where the organism has infected fruits and vegetables before harvest but remains quiescent until after harvest or processing, when stress conditions provide favorable growth conditions, is another example of latent damage (Wills et al., 1989) . The extent of infection and microbial growth after harvest depends on cultivar resistance and its interaction with environmental factors.
Lightly (minimally) processed fruits and vegetables
Since the mid-1980s, there has been an increasing amount of activity in this area, with individuals applying various working definitions, depending on their research or specific goals. Huxoll and Bolin (1989) stated that "Minimally processed fruits and vegetables are products that have the attributes of convenience and fresh like quality." They go on to say something even more critical. "For minimal processed foods, processing and distribution are accomplished in a highly integrated system." To maintain a focus on providing a consumer product, the definition of minimal processing is extended to processing that, when combined with the optimization of all other steps of production, preparation, and distribution of produce to the consumer, will yield products of extended shelf life with fresh-like quality. This process starts with the selection/development of the most suitable variety.
Some retail economists have projected that as much as 50% of the dollar volume generated by the supermarket produce department will come from fresh-cut fruits and vegetables by the end of the century (Graziano, 1993) . To provide high-quality, value-added products throughout the year will require superior raw material and the optimization of all postharvest steps. Fruit and vegetable cultivars are routinely screened and selected for specific functional properties. Processors of lightly processed fruits and vegetables have selected those cultivars that, when evaluated under current cultural, postharvest, and distribution practices, meet their economic needs and the general specifications of the intended product. Although the trade and the consumer have provided incentives for such convenience products, no cultivar has been deliberately developed with the process and distribution in mind.
Microbiologists have revealed the potential sanitation problems associated with lightly processed produce (LPP). To combat this hazard, processors are implementing Hazard Analysis of Critical Control Points (HACCP) protocols (Bryan, 1988) . HACCP identifies all steps in the process that can contribute to increased incidence of microbial growth (and loss of quality) and implements protocols at each step to monitor key elements and minimize quality deterioration. The status of the raw material and hence the characteristics of the selected cultivar greatly impact the microbial population by its degree of resistance or particular substrate availability and response to stress conditions. Pseudomonas spp. and Erwinia spp. can become significant problems, or weak and opportunistic organisms, such as Leuconostoc, can become problematic, especially in extended-shelflife products. Therefore, cultivar selection, preharvest cultural practices, postharvest handling, and grading raw material are interactive and their optimization is crucial to routinely producing quality products.
There are several types of latent damage, the extent of which is determined by the interaction of the genotype with its cultural and postharvest environment. Bruising is the most common latent damage, as impact can occur at any point in the process, but tissue breakdown or discoloration becomes noticeable later. For example, potatoes
Integrated systems approach
Interactions between genotype, environment, and cultural practices must be taken into consideration when developing LPP or the process to manufacture such a product. A systems approach, where each step in the process is optimized with respect to the other steps, can make possible the development and delivery of quality and safe consumer products with extended shelf life (Shewfelt, 1987) . However, if, for example, a carrot cultivar is selected that is highly susceptible to soft rot organisms, such as Erwinia or Pseudomonas, the product will immediately begin to deteriorate with the first exposure to abusive temperatures. Selection should be made for a line with some inherent resistance, which is less prone to predisposition by other stress factors, and whose moisture characteristics are not favorable to microbial growth.
Requirements of genotypes for (value-added) LPP
Value-added and LPP are those products that have added appeal to the consumer because of their improved sensory characteristics, convenience, or extended shelf life. To develop/select cultivars for such products, one must initially establish broad criteria for the plant breeder.
1) What is the intended product (i.e., product specifications)? Obviously, these criteria must be well defined during the early stages of cultivar development, and may require input from the trade and the consumer. It makes little sense to invest significant time and money in a cultivar that will not meet the specifications of the fresh-cut product and, thus, the needs of the consumer. Physical properties (e.g., size) may be important to the trade or consumer and undoubtedly will affect the economies of processing. For example, it seems obvious that celery (Apium graveolens L.) cultivars with elongated petioles would be ideal for lightly processed sticks. However, if the petioles will not fit the standard carton, the processor will not be able to market the excess production through normal channels.
2) Identify shelf life needs and limitations such that these characteristics are incorporated into the breeding program and suitable selection pressures are applied to evaluate for response to preharvest growing conditions; susceptibility to pre-and postharvest pathogens; compatibility with the intended process, packaging, and distribution; and susceptibility to deterioration due to high activity of endogenous enzymes.
3) Identify other products that can be derived from the same production lot. Market fluctuations (demand) and environmental factors will mandate flexibility in the product line. Consider what is the largest volume product or most highly valued product for which the harvested crop will be used. Is this the product for which you develop a cultivar? In some cases this could be true; in others, it may be best to select the cultivar for maximum flexibility (most products). For example, a processor of carrot sticks cannot afford to grow (develop/ select a cultivar) a crop specifically for sticks. Preharvest and postharvest stress can reduce shelf life potential, thereby making the crop unacceptable for a lightly processed and extended-shelf-life product. Disease and water stress will limit the use and shelf life of cut vegetables, and the more extensively the product is processed (e.g., shredded), the more dramatic the impact of preharvest growing conditions and postharvest handling can be. Market situations and availability will determine the economic mix of products. With multiple products, size becomes an issue. If the primary product is a 7-to 10-cm-long stick, the processor must identify an outlet for the remainder of the carrot root. What are the optimum dimensions to maximize plant efficiencies? The available carrot cultivars ('Imperator', 'Nantes', 'Chantenay', 'Danvers') provide a significant range in geometry, but they also vary significantly in sensory characteristics.
Cultivar characteristics for LPP
If one considers the expense, time, and effort that must go into developing a cultivar, it is important that it not only have suitable agronomic characteristics but also meet the product criteria, as defined by the consumer, when it is released. First and foremost, the cultivar (product) must meet the needs and expectations of the consumer. If a long-shelf-life tomato with fresh quality is desired for the fresh market, germplasm selection must focus on these attributes. Overemphasis of processing genotypes will not meet the consumer's expectations. Exact definition of the specifications is even more crucial if expensive advanced biotechnology techniques are to be applied. Therefore, input from the trade and consumers early in the development process relative to distribution, pricing, sensory quality, etc. is imperative and can help to avoid the high cost of developing cultivars that do not meet consumers' needs and expectations.
Consider the potential for multiple outlets (products) for the cultivar. A celery cultivar that can only be used for the precut market is not affordable. For economic and logistical reasons, a critical area must be planted, grown, and harvested. Undoubtedly, the demand for sticks at any one time may not be such to require this amount of cultivation. However, a combination of sticks, cut celery, and stalk celery will absorb the entire crop. As the consumer has come to expect convenient and value-added products (LPP) to be available year round, the appropriate mix of products must be determined to fulfill this demand economically and logistically. Therefore, the cultivar must be grown for year-round supply. This increases trialing costs, due to the increased number of trialing locations, and probably will require developing several cultivars with similar sensory and postharvest characteristics. Seldom does a single cultivar perform well under the range of growing conditions required to provide year-round availability. Cultivars grown for the light processing market should have similar cultural characteristics, acceptable pest resistance, and no unique harvesting or postharvest requirements. With the sophistication of today's growing systems, it is important to the grower that new cultivars conform to standard cultural practices as much as possible. There must be additional concern for resistance to environmental stress factors and stress due to pests, as such factors can predispose the fresh-cut product to more rapid deterioration. Cultivars with reduced key enzyme activity are desired for LPP. Enzymes that contribute to degradative processes (e.g., browning, softening, volatile generation) have demonstrated a range of activities depending on the genotype. High levels of polyphenol oxidase activity and hemicellulase activity can reduce shelf life to an unacceptable level. Fruits and vegetables destined for a lightly processed product and the rigors of the processing plant may need to be more durable to withstand the bruising, desiccation, and continuous physiological changes during postharvest handling and processing. Shape, skin characteristics, and exocarp thickness are a few characteristics that one may need to select.
Cultivars developed for the light processing market
Based on definitions that encompass postharvest handling and storage [precooling, refrigeration, controlled-or modified-atmosphere storage, irradiation, and preparation for consumption (e.g., peeling, slicing, shredding)] of lightly processed vegetables, there are few examples of crops with cultivar development activities directed at the lightly processed market. Carrot cultivars developed by DNAP Plant Technology Corp. may be the only example of genotypes selected and developed specifically for the precut market (Table 1) . These cultivars provide limited examples of cultivar development programs that combine conventional breeding and advanced biotechnology. Products such as cherry tomatoes (Lycopersicon esculentum Mill.) and sugar snap peas (Pisum sativum L.) stretch the definition of minimally processed products. However, both exhibit a short shelf life; therefore, to provide the various consumer products, they require optimizing each step in the process that would include calyx removal, the use of cleaning enhancers, edible films, treatments to maintain flavor (e.g., slow sugar to starch conversion), and specific packaging.
Conclusion
Within a specific crop, the diverse cultivars have varied genotypes and, therefore, vary in physical attributes, color, flavor, firmness, pest resistance, response to stress, etc. Genetic management for quality attributes includes selection by the processor and the development of Cary et al., 1992 new cultivars with desired characteristics through plant breeding and biotechnology. Currently, little effort is being expended on developing cultivars specifically for LPP. Processors are using a portion of the crop grown for standard produce distribution or are screening established cultivars for application to their products. Advanced technologies have been developed, and some genes have been cloned that affect fruit and vegetable quality (Table 2 ). With the current genetic diversity and modern capabilities, characteristics such as shelf life and specific sensory properties can be altered. With much of the minimally processed produce, browning of cut surfaces and softening due to endogenous enzymes can reduce product quality and shelf life. Minimizing the activity of polyphenol oxidase could minimize browning and improve the appearance of cut fruits and vegetables. Reducing cellwall-degrading enzymes in cut fruits from sense or antisense transgenic plants would impart a better texture and reduce the availability of substrate for rapid microbial growth. However, a major question remains: Is the benefit to the trade and return on investment sufficient to justify the cost in time and resources?
